ABSTRACT. Steady thermal stresses in a rotating disc with shaft having density variation parameter subjected to thermal load have been derived by using Seth's transition theory. Neither the yields criterion nor the associated flow rule is assumed here. Results are depicted graphically. It has been seen that compressible material required higher percentage increased angular speed to become fully-plastic as compare to rotating disc made of incompressible material. Circumferential stresses are maximal at the outer surface of the rotating disc. With the introduction of thermal effect it decreases the value of radial and circumferential stresses at inner and outer surface for fully-plastic state.
INTRODUCTION
Disc plays an important role in machine design. Stress analysis of rotating discs has an important role in engineering design. Rotating discs are the most critical part of rotors, turbines motor, compressors, high speed gears, flywheel, sink fits, turbo jet engines and computer's disc drive etc.The problem of thin rotating flat discs made of isotropic material has been studied extensively [1] [2] [3] . CHAKRABARTY [1] and HEYMAN [2] solved the problem for the plastic state by utilizing the solution in the elastic state and consider the plastic range with the help of Tresca's yield condition. Further, to obtain the elastic-plastic stresses, these authors matched the elastic and plastic stresses at the same radius r = c of the disc. Perfectly elasticity and ideal plasticity are two extreme properties of the material and the use of ad-hoc rule like yield condition amounts to divide the two extreme properties by a sharp line, which is not physically possible. Seth's transition theory [4] does not required any assumptions like an yield criterion, incompressibility condition, associated flow rule and thus poses and solves a more general problem from which cases pertaining to the above assumptions can be worked out. This theory [4] utilizes the concept of generalized strain measure and asymptotic solution at critical points or turning points of the differential equations defining the deformed field and has been successfully applied to a large number of problems [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .SETH [5] has defined the generalized principal strain measure as: 
where n is the measure and ii A e is the almansi finite strain components. For n =-2, -1,0, 1, 2it gives Cauchy, Green Hencky, Swainger and Almansi measures, respectively.
In this research paper we discusselastic-plastic transitional stresses in a thin rotating disk with shaft having density variation parameter under steady state temperature by using Seth's transition theory. The density of disc is assumed to vary along the radius in the form:
where 0 ρ is the constant density at r = b and mis the density variation parameter. Result obtained have been numerically and depicted graphically.
MATHEMATICAL MODEL
Consider a thin disc of isotropic and homogeneous material having variable density with central bore of inner radius a and external radius b. The annular disc is mounted on a rigid shaft. The disc is rotating with angular speed ω of gradually increasing magnitude about an axis perpendicular to its plane and passed through the center as shown in Fig. 1 . The thickness of disc is assumed to be constant and sufficiently small so that it is effectively in a state of plane stress, that is, the axial stress zz T is zero. We assume that steady state temperature 0 Θ is applied on the internal surface of the disc.
Boundary conditions
The disk considered in the present study having variable density and subjected to a thermal load. The inner surface of the disk is assumed to be fixed to a shaft. The outer surface of the disk is free from mechanical load. Thus, the boundary conditions of the problem are given by:
(3) where u and rr T denote displacement and stress along the radial direction.
Formulation of the Problem
Displacement components in cylindrical polar coordinates ( ) , , r z θ , as: 
where β is function of , (6), the strain components in terms of stresses are obtained as [6] : 
(11) where P r β β = ′ . 8 The equations of equilibrium are all satisfied except:
where ρ variable density of the material of the rotating disc.
The temperature field satisfying Laplace eq. (8) where 0 Θ is constant, given by:
Using eqs. (11), (12) and (13), one gets a non-linear differential equation in β as:
where
(P is function of β and β is function of r) and
( P is function of β and β is function of r only).
Solution through the Problem
For finding the plastic stress, the transition function is taken through the principal stress (see SETH's [4, 5] and PANKAJ THAKUR [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] ) at the transition point ±∞ → P . The transition function τ is defined as:
Taking the logarithmic differentiation of eq. (15) with respect to r, one get:
Substituting the value β d / dP from eq. (14) in eq. (16) and taking the asymptotic value ±∞ → P and integrating, one get:
and A is a constant of integration can be determined by boundary conditions. Eqs. (15) and (17) gives:
Substituting eq. (18) in eq. (12) then using eq. (2) and integrating, one get:
where B is a constant of integrationcan be determined by boundary conditions. 9 Substituting eqs. (18) and (19) in second equation of eq. (10), one get:
where ( )
Substituting eq. (20) in eq. (4), one get:
where E= ( ) ( )
− is the Young's modulus in term of compressibility factor can be expressed as. Using boundary condition (3) and (13) in eqs. (19) and (21), one get:
Substituting eqs. (22) and (23) in eqs. (18), (19) , and (21) respectively, one get the transitional stresses and displacement as: 
and ( ) 
 where Y is the yielding stress. The angular speed necessary for initial yielding is given by:
where ( ) ( )( We introduce the following non-dimensional components: 
ν =
Two plastic zones for fully plastic state were considered as shown in Fig. 2 . There are two plastic zones:
(i) Inner-plastic zone:
r is the radius of inner plastic zone.
For Inner-plastic zone, eq. (27) becomes:
and the angular speed required for fully plastic state is given by: 
and ( ) ( ) ( ) 2  1  0  3  3  0  0  1  0  0   2  ln  1  4  3 ln ln
For outer plastic zone eq. (27) becomes: 
and ( ) ( ) or at the mid surface 1 0.7 R = of the disc depending upon the values of m and C. For example yielding occurs at the internal surface of the disc made of compressible material (C = 0.25) at a angular speed 2.82511676 for m = -1.6 whereas yielding occurs at the middle surface at the angular speed 7.72178021 for m = -3. It is also seen from tab.1 that rotating disc having variable density and made of incompressible material yields at a higher angular speed as compare to disc made of compressible material. Compressible material of rotating disc with shaft having variable density required higher percentage increased angular speed to become fully-plastic as compare to incompressible material. In Tab. 2, angular speed required for initial yielding 2 i Ω and fully-plastic state 2 f Ω of a rotating disc for different values of m=0, 2.9 and 1 0.00, 0.0175, 0.07 Θ = has been given. It is seen that with the effect of temperature, rotating disc required higher percentage angular speed to become fully plastic state with increase temperature for m=2.9 but reverse in case m=0. Ω of a rotating disc for m=0.00, 2.9 and 1 0.00, 0.0175, 0.07 Θ = .
In Figs. 3(a)-3(c) , curves have been drawn between stresses and radius ratio R = r/b for fully plastic state at different values of m = 0, 2.9, 3.5. It is seen that from figs. 3(a) and 3(c), radial stresses is maximum at the internal surface whereas form fig. 3(b) , the circumferential stresses is maximum at the outer surface of the rotating disc. With the introduction of thermal effect it decreases the value of radial and circumferential stresses at inner and outer surface for fully-plastic state. 
CONCLUSION
It has been seen that compressible material required higher percentage increased angular speed to become fully-plastic as compare to rotating disc made of incompressible material. Compressible material of rotating disc with shaft having variable density required higher percentage increased angular speed to become fully-plastic as compare to incompressible material. Circumferential stresses are maximal at the outer surface of the rotating disc. With effect of thermal load value of radial and circumferential stresses at inner and outer surface for fully-plastic state must be decrease.
